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PROCESS AND POLYMERIZER FOR PRODUCING AROMATIC POLYCARBONATE 



(57) Disclosed is a method for producing an aro- 
matic polycarbonate, comprising: feeding, into a polym- 
erizer apparatus, at least one polymerizable material 
selected from the group consisting of a molten mono- 
mer mixture of an aromatic dihydroxy compound and a 
diaryl carbonate, and a molten prepolymer obtained by 
a process comprising reacting an aromatic dihydroxy 
compound with a diaryl carbonate, the polymerizer 
apparatus including a guide-wetting fall polymerization 
reaction zone which has at least one guide securely 
held therein and extending downwardly therethrough, 
and allowing the polymerizable material to fall along and 
in contact with the at least one guide through the guide- 
wetting fall polymerization reaction zone, to effect a 
guide-wetting fall polymerization of the polymerizable 
material, thereby obtaining a polymer, wherein the 
guide is a perforated wall-surface guide. Also disclosed 
is a polymerizer apparatus for practicing the above- 
mentioned method. 
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Description 

Background of the Invention 
5 Field of the Invention 

[0001] The present invention relates to a method for producing an aromatic polycarbonate. More particularly, the 
present invention is concerned with a method for producing an aromatic polycarbonate, comprising: feeding, into a 
polymerizer apparatus, at least one polymerizable material selected from the group consisting of a molten monomer 

10 mixture of an aromatic dihydroxy compound and a diaryl carbonate, and a molten prepolymer obtained by a process 
comprising reacting an aromatic dihydroxy compound with a diaryl carbonate, the polymerizer apparatus including a 
guide-wetting fall polymerization reaction zone which has at least one guide securely held therein and extending down- 
wardly therethrough, and allowing the polymerizable material to fall along and in contact with the at least one guide 
through the guide-wetting fall polymerization reaction zone, to effect a guide-wetting fall polymerization of the polymer- 

15 izable material, thereby obtaining a polymer, wherein the guide is a perforated wall-surface guide. The present invention 
is also concerned with a polymerizer apparatus for practicing the above-mentioned method. 

[0002] The method of the present invention for producing an aromatic polycarbonate is free from the problems 
accompanying the conventional method: such as the problem that phenol cannot be removed efficiently; the problem 
that a very large motive power for agitation is needed; the problem that the molecular chain of a polymer being formed 
20 is broken by a large shearing force due to the very large motive power for agitation, resulting not only in a reduced rate 
of increasing molecular weight but also in a discoloration of the polymer. Also, there is the problem that the polymer is 
likely to suffer thermal decomposition due to a long-term thermal history, thereby inevitably causing the polymer being 
produced to contain thermal decomposition products, and there is the problem that the volumetric efficiency of a polym- 
erizer is extremely low. 

25 [0003] By the method of the present invention, an aromatic polycarbonate having a desired constant molecular 
weight can be stably produced at a high polymerization rate, without discoloration with respect to the polymer or gen- 
eration of foreign matter. Therefore, the method of the present invention is advantageous from a commercial viewpoint. 

Prior Art 

30 

[0004] In recent years, aromatic polycarbonates have been widely used in various fields as engineering plastics 
having excellent heat resistance, impact resistance and transparency. With respect to methods for producing aromatic 
polycarbonates, various studies have heretofore been made. Of the methods studied, a process utilizing an interfacial 
polycondensation between an aromatic dihydroxy compound, such as 2,2-bis(4-hydroxyphenyl ) propane (hereinafter, 

35 frequently referred to as "bisphenol A"), and phosgene has been commercially practiced. 

[0005] However, the interfacial polycondensation process has problems. First, it is necessary to use phosgene, 
which is poisonous. Second, the reaction apparatus is likely to be corroded with chlorine-containing compounds, such 
as hydrogen chloride and sodium chloride (which are by-produced) and methylene chloride (which is used as a solvent 
in a large quantity). Third, difficulties are encountered in separating and removing impurities, such as sodium chloride, 

40 and the residual methylene chloride, which adversely affect properties of a produced polymer. 

[0006] With respect to a method for producing an aromatic polycarbonate from an aromatic dihydroxy compound 
and a diaryl carbonate, a transesterification process has conventionally been known, in which a polycarbonate is pro- 
duced by performing an ester exchange reaction between bisphenol A and diphenyl carbonate in the molten state, while 
removing a by-produced phenolic compound (such as phenol). Unlike the interfacial polycondensation process, the 

45 transesterification process has an advantage in that a solvent need not be used. However, the transesterification proc- 
ess has a serious problem, namely; since the viscosity of a polymer being formed increases during the progress of the 
polymerization reaction, it becomes difficult to remove by-produced phenol from the polymerization reaction system 
efficiently, thus making it difficult to achieve a high degree of polymerization with respect to the polycarbonate produced. 
[0007] Various polymerizers have been conventionally used in producing aromatic polycarbonates by the transes- 

50 terification process. A vertical agitation type polymerizer vessel equipped with an agitator is widely used. The vertical 
agitation type polymerizer vessel equipped with an agitator is advantageous in that it exhibits high volumetric efficiency 
and has a simple construction, so that polymerization on a small scale can be efficiently carried out. However, the ver- 
tical agitation type polymerizer vessel has a problem in that, as mentioned above, the by-produced phenol becomes dif- 
ficult to remove from the polymerization reaction system efficiently in the production of aromatic polycarbonates on a 

55 commercial scale, so that the polymerization rate becomes extremely low. 

[0008] Specifically, a large-scale vertical agitation type polymerizer vessel generally has a greater ratio of liquid vol- 
ume to vaporization area than a small-scale one. In other words, the depth of a reaction mixture in the polymerizer is 
large and, hence, the pressure in the lower part of the agitation vessel is large. In such a case, even if the degree of 
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vacuum of the polymerization reaction zone is raised in order to achieve a high degree of polymerization in the lower 
part of the agitation vessel, the polymerization proceeds under virtually high pressure due to the weight of the reaction 
mixture, so that phenol and the like cannot be efficiently removed. 

[0009] To solve the above-mentioned problem, various attempts have been made to remove phenol and the like 
5 from high viscosity polymer being formed. For example, Examined Japanese Patent Application Publication No. 50- 
1 9600 (corresponding to GB-1 007 302) discloses the use of a screw type polymerizer having a vent. Examined Japa- 
nese Patent Application Publication No. 52-36159 discloses the use of an intermeshing twin-screw extruder. Examined 
Japanese Patent Application Publication No. 53-5718 (corresponding to U.S. Patent No. 3,888,826) describes a thin 
film evaporation type reactor, such as a screw evaporator and a centrifugal film evaporator. Further, Unexamined Jap- 
10 anese Patent Application Laid-Open Specification No. 2-153923 discloses a method in which a combination of a cen- 
trifugal film evaporator and a horizontal agitation type polymerizer vessel is used. 

[0010] Of these polymerizers, horizontal polymerizers, such as a screw evaporator and a horizontal agitation type 
polymerizer vessel, are intended to increase, by rotary agitation, the surface renewal of polymer (being formed) to a 
level as high as possible in an attempt to remove phenol and the like efficiently. For example, Examined Japanese Pat- 

15 ent Application Publication No. 50-19600 describes that "A relatively large, continuously renewing interface is formed 
between the liquid reaction system and the ambient gas or vapor, so that a volatile reaction product formed in the liquid 
reaction system is extremely smoothly removed)." (see page 1, right-hand column, lines 19 to 22 of the above patent 
document). That is, the above patent document suggests that phenol and the like can be efficiently removed by the 
renewal of gas-liquid interface. Further, in Examined Japanese Patent Application Publication No. 52-36159, surface 

20 renewal effect "J" is defined as a function of the screw revolution rate, the screw surface area in the reaction zone, the 
total screw pitch number in the reaction zone, the feed amount of raw material and the effective volume per screw pitch 
in the reaction zone, and it is described that it is important that the value of the surface renewal effect be in a specific 
range. 

[0011] However, these horizontal polymerizers need rotary agitation force provided by, for example, a screw or an 
25 agitator, for increasing the surface renewal. It should be noted that the viscosity of an aromatic polycarbonate being 
formed increases extremely in accordance with the increase in the molecular weight thereof during the polymerization 
reaction, so that an extremely large agitation force becomes necessary. In addition, when a large agitation force is 
exerted on a polymer having a high viscosity, the polymer sustains a large shearing force and, hence, breakage of the 
molecular chain occurs, so that the increasing rate of the molecular weight becomes low, making it impossible to obtain 
30 an aromatic polycarbonate having a high molecular weight. Further, when an aromatic polycarbonate sustains a large 
shearing force, a discoloration of the polycarbonate occurs, so that the quality of the aromatic polycarbonate is seri- 
ously adversely affected. Furthermore, when the production of an aromatic polycarbonate by using an agitation type 
polymerizer is performed on a commercial scale, the size of the agitation type polymerizer is inevitably limited. This is 
due to the fact that when there is an increase in the size of the agitation type polymerizer, it is necessary to increase 
35 the strength of the agitator and the motive power for agitation; however, there are limits to this increase in strength and 
motive power. Therefore, with the use of an agitation type polymerizer, the production amount of the aromatic polycar- 
bonate cannot be easily increased. That is, agitation type polymerizers also have a problem in that a scale-up of the 
production of an aromatic polycarbonate is difficult. 

[0012] With respect to centrifugal film evaporators. Unexamined Japanese Patent Application Laid-Open Specifica- 
40 tion No. 2-1 53923 has a description to the effect that, by using a centrifugal film evaporator as a polycondensation reac- 
tor in the final stage of a transesterification reaction, the evaporation surface area of the liquid reaction system per unit 
weight of the liquid reaction system can be increased, thereby enabling a decrease in the residence time of the liquid 
reaction system in the reactor. However, the above patent document also points out the following problems. That is, 
when a centrifugal film evaporator is used, a part of the polymer being formed sticks to the surfaces of the driving shaft, 
45 the blade, the bearing for the driving shaft, and the like, and is exposed to a thermal environment for a long period of 
time, so that the part of the polymer sticking to the surfaces is decomposed to form a black decomposition product, and 
the black decomposition product undesirably enters the polymer being produced. In order to obviate this problem, the 
above patent document discloses a method in which a centrifugal film evaporator is used in the middle stage of the 
transesterification reaction, but not in the final stage of the reaction. However, in this method, a film of polymer is formed 
so only on the inner wall surface of the evaporator and, hence, the volumetric efficiency of the evaporator as a polymerizer 
is extremely low, so that a satisfactory reaction time cannot be obtained without using a reactor which is too large. Thus, 
the centrifugal-film evaporator cannot be suitably used on a commercial scale. 

[0013] With respect to a polymerizer having no rotary agitator, Examined Japanese Patent Application Publication 
No. 48-8355 discloses a polymerizer for producing a polyester or a polyamide, wherein the polymerizer comprises a 
55 cylindrical reactor casing and a porous body disposed therein and extending substantially vertically, wherein the cylin- 
drical reactor casing is equipped with a heater, a polymerizable material distribution device positioned above the porous 
body, a polymerization product discharging device positioned below the porous body, and a device for removing gas 
generated from a reaction mixture produced in the polymerizer, and wherein the porous body has avoid ratio distribu- 
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tion which increases from the upper end thereof to the lower end thereof. However, in this document, there is no disclo- 
sure about a production of an aromatic polycarbonate, that is, there is no disclosure as to how to make it possible to 
stably produce an aromatic polycarbonate having a desired constant molecular weight at a high polymerization rate, 
without discoloration with respect to the polymer or generation of foreign matter. 

5 [0014] As described hereinabove, in the production of an aromatic polycarbonate by the transesterification process 
(which is free from the problem that impurities and residual methylene chloride are contained in the produced polycar- 
bonate and these unfavorable substances cannot be completely removed therefrom), when the transesterification proc- 
ess is performed by the conventional production methods using a vertical agitation type polymerizer, a horizontal 
agitation type polymerizer, a centrifugal film evaporator, or the like, various problems arise. For example, phenol cannot 

10 be removed efficiently; a very large motive power for agitation is needed; the molecular chain of a polymer being formed 
is broken by the shearing force due to the very large motive power for agitation, resulting in a lowering of the increasing 
rate of the molecular weight and in a discoloration of the polymer; a thermal decomposition product of a polymer is gen- 
erated due to a long-term thermal history, which undesirably enters the polymer being produced; the volumetric effi- 
ciency of a polymerizer is extremely low; and a scale-up of the production of an aromatic polycarbonate is difficult. 

15 [0015] As a solution to these problems, in U.S. Patent No. 5,589,564, the present inventors disclosed that a high 
quality aromatic polycarbonate can be produced at a high polymerization rate by a method in which a polymerizable 
material is allowed to fall along and in contact with a wire to thereby effect a polymerization reaction. However, it have 
been desired to develop a method which enables an aromatic polycarbonate having a desired constant molecular 
weight to be stably produced at a higher polymerization rate. 

20 [0016] As apparent from the above, a commercially advantageous method for producing an aromatic polycarbonate 
has been desired, wherein the method is free from the above-mentioned problems accompanying the conventional 
methods and enables an aromatic polycarbonate having a desired constant molecular weight to be stably produced at 
a high polymerization rate, without discoloration with respect to the polymer or generation of foreign matter. 

25 SUMMARY OF THE INVENTION 

[0017] In this situation, the present inventors have conducted extensive and intensive studies with a view toward 
solving the above-mentioned problems. As a result, it has unexpectedly been found that the above-mentioned objective 
can be attained by a method which comprises: feeding, into a polymerizer apparatus, at least one polymerizable mate- 

30 rial selected from the group consisting of a molten monomer mixture of an aromatic dihydroxy compound and a diaryl 
carbonate, and a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with 
a diaryl carbonate, the polymerizer apparatus including a guide-wetting fall polymerization reaction zone which has at 
least one guide securely held therein and extending downwardly therethrough, and allowing the polymerizable material 
to fall along and in contact with the at least one guide through the guide-wetting fall polymerization reaction zone, to 

35 effect a guide-wetting fall polymerization of the polymerizable material, thereby obtaining a polymer, wherein a perfo- 
rated wall-surface guide is used as the guide. The perforated wall-surface guide has a plurality of through-holes, each 
extending substantially in the thicknesswise direction of the wall-surface guide, to thereby form openings in both sur- 
faces of the wall-surface guide. Based on this novel finding, the present invention has been completed. 
[0018] Therefore, it is an object of the present invention to provide a commercially advantageous method for pro- 

40 ducing an aromatic polycarbonate, which is free from the above-mentioned problems accompanying the conventional 
methods and enables an aromatic polycarbonate having a desired constant molecular weight to be stably produced at 
a high polymerization rate, without discoloration with respect to the polymer or generation of foreign matter. 
[001 9] It is another object of the present invention to provide a polymerizer apparatus for practicing the above-men- 
tioned method. 

45 [0020] The foregoing and other objects, features and advantages of the present invention will become apparent 
from the following detailed description and appended claims taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 [0021] In the drawings: 

Fig. 1 is a diagrammatic front view of one form of the perforated wall-surface guide used in the present invention; 
Fig. 2 is a diagrammatic front view of another form of the perforated wall-surface guide used in the present inven- 
tion; 

55 Fig. 3 (a) is a diagrammatic cross-sectional view of one form of the polymerizer for practicing the method of the 

present invention, as viewed from the front of the polymerizer; and 

Fig. 3 (b) is another diagrammatic cross-sectional view of the polymerizer of Fig. 3 (a), as viewed from above the 
polymerizer. 
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Description of Reference Numerals 



[0022] 



5 I 


Net type wall-surface guide 


2a, 2b 


Surfaces on which a molten prepolymer is allowed to fall down 


3a, 3b 


Openings 


4 


Punched-plate type wall-surface guide 


5 


Polymerizer apparatus 


w 6 


Inlet 


7 


Distributing plate 


8 


Hall 


9 


Vent 


10 


Discharging pump 


15 11 


Outlet 



DETAILED DESCRIPTION OF THE INVENTION 

[0023] In one aspect of the present invention, there is provided a method for producing an aromatic polycarbonate, 
20 which comprises: 

feeding, into a polymerizer apparatus, at least one polymerizable material selected from the group consisting of: 
a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 
a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl car- 
25 bonate, 

the polymerizer apparatus comprising an inlet for the polymerizable material, a polymerizable material feeding 
zone communicating with the inlet, and a guide-wetting fall polymerization reaction zone which is positioned below 
and communicates with the polymerizable material feeding zone, wherein the guide-wetting fall polymerization 
reaction zone has at least one guide securely held therein and extending downwardly therethrough, and 
30 allowing the polymerizable material to fall along and in contact with the at least one guide through the guide-wetting 

fall polymerization reaction zone, to effect a guide-wetting fall polymerization of the polymerizable material, thereby 
obtaining a polymer at a bottom of the guide-wetting fall polymerization reaction zone, 
wherein the guide is a perforated wall-surface guide, 

the perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thickness- 
35 wise direction of the wall-surface guide, to thereby form openings in both surfaces of the wall-surface guide. 

[0024] In another aspect of the present invention, there is provided a polymerizer apparatus for producing an aro- 
matic polycarbonate, which comprises a casing and, provided therein, an inlet for a polymerizable material, a polymer- 
izable material feeding zone communicating with the inlet, and a guide-wetting fall polymerization reaction zone which 
40 is positioned below and communicates with the polymerizable material feeding zone, wherein the guide-wetting fall 
polymerization reaction zone has at least one guide securely held therein and extending downwardly therethrough, 

wherein the inlet is adapted to receive at least one polymerizable material selected from the group consisting of: 

a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 
45 a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl car- 

bonate, 

and wherein the polymerizable material is adapted to be fed to the polymerizable material feeding zone through the 
inlet, and transferred to enter the guide-wetting fall polymerization reaction zone through the polymerizable material 
feeding zone and fall along and in contact with the guide, to effect a guide-wetting fall polymerization of the polym- 
50 erizable material to obtain a polymer, 

the guide-wetting fall polymerization reaction zone having, at a bottom thereof, an outlet for the obtained polymer, 

wherein the guide is a perforated wall-surface 

guide, 

the perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thickness- 
55 wise direction of the wall-surface guide, to thereby form openings in both surfaces of the wall-surface guide. 

[0025] For an easy understanding of the present invention, the essential features and various preferred embodi- 
ments of the present invention are enumerated below. 
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1 . A method for producing an aromatic polycarbonate, which comprises: 

feeding, into a polymerizer apparatus, at least one polymerizable material selected from the group consisting 
of: 

a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 

a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl 

carbonate, 

the polymerizer apparatus comprising an inlet for the polymerizable material, a polymerizable material feeding 
zone communicating with the inlet, and a guide-wetting fall polymerization reaction zone which is positioned 
below and communicates with the polymerizable material feeding zone, wherein the guide-wetting fall polym- 
erization reaction zone has at least one guide securely held therein and extending downwardly therethrough, 
and 

allowing the polymerizable material to fall along and in contact with the at least one guide through the guide- 
wetting fall polymerization reaction zone, to effect a guide-wetting fall polymerization of the polymerizable 
material, thereby obtaining a polymer at a bottom of the guide-wetting fall polymerization reaction zone, 
wherein the guide is a perforated wall-surface guide, 

the perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thick- 
nesswise direction of the wall-surface guide, to thereby form openings in both surfaces of the wall-surface 
guide. 

2. The method according to item 1 above, wherein the wall-surface guide satisfies the following formula (1): 

S^Sq^O.15 (1) 

wherein: 

S 0 represents the total area of both surfaces of the wall-surface guide, as measured without perforation; and 
S-| represents the total area of the openings in both surfaces of the wall-surface guide. 

3. The method according to item 1 or 2 above, wherein each of the openings in both surfaces of the wall-surface 
guide independently has an area in the range of from 0.01 to 300 cm 2 . 

4. The method according to any one of items 1 to 3 above, wherein the wall-surface of the wall-surface guide is at 
least one surface selected from the group consisting of a flat surface and a curved surface. 

5. A polymerizer apparatus for producing an aromatic polycarbonate, which comprises a casing and, provided 
therein, an inlet for a polymerizable material, a polymerizable material feeding zone communicating with the inlet, 
and a guide-wetting fall polymerization reaction zone which is positioned below and communicates with the polym- 
erizable material feeding zone, wherein the guide-wetting fall polymerization reaction zone has at least one guide 
securely held therein and extending downwardly therethrough, 

wherein the inlet is adapted to receive at least one polymerizable material selected from the group consist- 
ing of: 

a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 

a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl 

carbonate, 

and wherein the polymerizable material is adapted to be fed to the polymerizable material feeding zone 
through the inlet, and transferred to enter the guide-wetting fall polymerization reaction zone through the 
polymerizable material feeding zone and fall along and in contact with the guide, to effect a guide-wetting fall 
polymerization of the polymerizable material to obtain a polymer, 

the guide-wetting fall polymerization reaction zone having, at a bottom thereof, an outlet for the obtained poly- 
mer, 

wherein the guide is a perforated wall-surface guide, 

the perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thick- 
nesswise direction of the wall-surface guide, to thereby form openings in both surfaces of the wall-surface 
guide. 

6. The polymerizer apparatus according to item 5 above, wherein the polymerizable material feeding zone and the 
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guide-wetting fall polymerization reaction zone are separated from each other through a polymerizable material 
distributing plate having at least one hole, the feeding zone communicating with the guide-wetting fall polymeriza- 
tion reaction zone through the at least one hole, and wherein the guide is arranged in correspondence with the hole 
of the distributing plate. 

7. The polymerizer apparatus according to item 5 or 6 above, wherein the wall-surface guide satisfies the following 
formula (1): 



S^Sq^O.15 (1) 

10 

wherein: 



5 0 represents the total area of both surfaces of the wall-surface guide, as measured without perforation; and 

5 1 represents the total area of the openings in both surfaces of the wall-surface guide. 

15 

8. The polymerizer apparatus according to any one of items 5 to 7 above, wherein each of the openings in both sur- 
faces of the wall-surface guide independently has an area in the range of from 0.01 to 300 cm 2 . 



9. The polymerizer apparatus according to any one of items 5 to 8 above, wherein the wall-surface of the wall-sur- 
20 face guide is at least one surface selected from the group consisting of a flat surface and a curved surface. 



[0026] In conventional methods for producing an aromatic polycarbonate by the transesterification process, for 
removing by-produced phenol and the like from the liquid reaction system efficiently, it has been attempted to increase 
the surface renewal of the polymer (being formed) by a very powerful rotary agitation, using horizontal polymerizers as 

25 mentioned above. However, it has surprisingly been found that, by the method of the present invention, a high quality 
aromatic polycarbonate can be obtained at a high polymerization rate without a need for a rotary agitation. This is one 
of the major aspects of the advantages of the present invention. Further, it has also been found that the method of the 
present invention provides an advantage in that an aromatic polycarbonate having a desired constant molecular weight 
can be stably produced at a high polymerization rate, as compared to the case of the use of the conventional methods 

30 in which a wire or a nonperforated plate is used as a guide. This is another major aspect of the advantages of the 
present invention. 

[0027] Hereinbelow, the present invention will be described in more detail. 

[0028] In the present invention, the term "aromatic dihydroxy compound" means a compound represented by the 
following formula: 

35 

HO-Ar-OH 



wherein Ar represents a divalent aromatic group. 
[0029] Preferred examples of divalent aromatic groups as Ar include a group represented by the following formula: 

40 

-Ar^Y-Ar 2 - 



wherein each of Ar 1 and Ar 2 independently represents a divalent carbocyclic or heterocyclic aromatic group having 
from 5 to 70 carbon atoms, and Y represents a divalent alkane group having from 1 to 30 carbon atoms. 

45 

[0030] In divalent carbocyclic or heterocyclic aromatic groups as Ar 1 and Ar 2 , at least one hydrogen atom may be 
substituted with a substituent which does not adversely affect the reaction, such as a halogen atom, an alkyl group hav- 
ing from 1 to 10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, a phenyl group, a phenoxy group, a 
vinyl group, a cyano group, an ester group, an amide group and/or a nitro group. 
so [0031] Illustrative examples of heterocyclic aromatic groups as Ar 1 and Ar 2 include, an aromatic group having at 
least one hetero atom, such as a nitrogen atom, an oxygen atom or a sulfur atom. 

[0032] Examples of divalent aromatic groups as Ar 1 and Ar 2 include an unsubstituted or substituted phenylene 
group, an unsubstituted or substituted biphenylene group and an unsubstituted or substituted pyridylene group. Substit- 
uents for Ar 1 and Ar 2 are as described above. 
55 [0033] Examples of divalent alkane groups as Y include organic groups respectively represented by the following 
formulae: 
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CH 3 R 1 R 3 




wherein each of R 1 , R 2 , R 3 and R 4 independently represents a hydrogen atom, an alkyl group having from 1 to 10 
carbon atoms, an alkoxy group having from 1 to 1 0 carbon atoms, a cycloalkyl group having from 5 to 1 0 ring-form- 
ing carbon atoms, a carbocyclic aromatic group having from 5 to 10 ring-forming carbon atoms and a carbocyclic 
aralkyl group having from 6 to 1 0 ring-forming carbon atoms; k represents an integer of from 3 to 11; each X rep- 
resents a carbon atom and has R 5 and R 6 bonded thereto; each R 5 independently represents a hydrogen atom or 
an alkyl group having from 1 to 6 carbon atoms, and each R 6 independently represents a hydrogen atom or an alkyl 
group having from 1 to 6 carbon atoms, wherein R 5 and R 6 are the same or different; wherein at least one hydrogen 
atom of each of R 1 , R 2 , R 3 , R 4 , R 5 and R 6 may be substituted with a substituent which does not adversely affect 
the reaction, such as a halogen atom, an alkyl group having from 1 to 10 carbon atoms, an alkoxy group having 
from 1 to 10 carbon atoms, a phenyl group, a phenoxy group, a vinyl group, a cyano group, an ester group, an 
amide group and/or a nitro group. 

[0034] Specific examples of divalent aromatic groups as Ar include groups respectively represented by the follow- 
ing formulae: 
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(R 7 )* (R 8 ). (R 7 )-. (R 8 ). 



10 



(R 7 ). 



15 




20 



CH 3 
CH 3 



(R 7 )- (R 8 ). 
C; 





25 



(R 7 )- (R 8 ). 



30 



CF, 




35 



40 





CH, 



aa _ <n 





C- 

(R 7 )-. (R 8 ). 
(R 7 )™ (R*)« 






CH 



CH, 



* CH 3 



(R 7 )m (R\ 

^>-CH 2 -CH 2 ^^ 



45 



wherein each of R 7 and R 8 independently represents a hydrogen atom, a halogen atom, an alkyl group having from 
1 to 10 carbon atoms, an alkoxy group having from 1 to 10 carbon atoms, a cycloalkyl group having from 5 to 10 
ring-forming carbon atoms, or a phenyl group; each of m and n independently represents an integer of from 1 to 4, 
with the proviso that when m is an integer of from 2 to 4, the R 7, s are the same or different, and when n is an integer 
55 of from 2 to 4, the R 8, s are the same or different. 

[0035] Further, examples of divalent aromatic groups as Ar also include those which are represented by the follow- 
ing formula: 
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-Ar 1 -Z-Ar 2 - 



10 



wherein Ar 1 and Ar 2 are as defined above; and Z represents a single bond or a divalent group, such as -O-, -CO-, 
-S-, -S0 2 , -SO-, -COO-, or -CON(R 1 )-, wherein R 1 is as defined above. 

[0036] Examples of such divalent aromatic groups as Ar include groups respectively represented by the following 
formulae: 

(R 7 ). (R 4 ). (R 7 )" (R 8 ). 

-fa — 
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50 



wherein R 7 , R 8 , m and n are as defined above. 



[0037] Further examples of divalent aromatic group Ar include an unsubstituted or substituted phenylene, an 
unsubstituted or substituted naphthylene, and an unsubstituted or substituted pyridylene. 

[0038] In the method of the present invention, the aromatic dihydroxy compounds can be used individually or in 
55 combination. Representative examples of aromatic dihydroxy compounds include bisphenol A. 

[0039] The diaryl carbonate used in the present invention is represented by the following formula: 
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O 

Ar 3 -OCO-Ar 4 



wherein each of Ar 3 and Ar 4 independently represents a monovalent aromatic group. 

[0040] Each of Ar 3 and Ar 4 independently represents a monovalent carbocyclic or heterocyclic aromatic group. At 
least one hydrogen atom of each of Ar 3 and Ar 4 may be substituted with a substituent which does not adversely affect 
the reaction, such as a halogen atom, an alkyl group having from 1 to 10 carbon atoms, an alkoxy group having from 1 
to 10 carbon atoms, a phenyl group, a phenoxy group, a vinyl group, a cyano group, an ester group, an amide group 
and/or a nitro group. Ar 3 and Ar 4 are the same or different. 

[0041] Representative examples of monovalent aromatic groups Ar 3 and Ar 4 include a phenyl group, a naphthyl 
group, a biphenyl group and a pyridyl group. These groups may or may not be substituted with the above-mentioned 
substituent or substituents. 

[0042] Preferred examples of monovalent aromatic groups Ar 3 and Ar 4 are those respectively represented by the 
following formulae: 




CH 3 CH 3 CH 3 



[0043] Representative examples of diaryl carbonates include an unsubstituted or substituted diphenyl carbonate 
compound represented by the following formula: 




wherein each of R 9 and R 10 independently represents a hydrogen atom, an alkyl group having from 1 to 10 carbon 
atoms, an alkoxy group having from 1 to 10 carbon atoms, a cycloalkyl group having from 5 to 10 ring-forming car- 
bon atoms or a phenyl group; each of p and q independently represents an integer of from 1 to 5, with the proviso 
that when p is an integer of 2 or more, the R 9, s are the same or different, and when q is an integer of 2 or more, the 
R 10, s are the same or different. 

[0044] Of these diphenyl carbonate compounds, preferred are diaryl carbonates having a symmetrical configura- 
tion, such as (unsubstituted) diphenyl carbonate and a diphenyl carbonate substituted with a lower alkyl group, e.g., 
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ditolyl carbonate and di-t-butylphenyl carbonate. Particularly preferred is diphenyl carbonate, which is the diaryl carbon- 
ate having the simplest structure. 

[0045] These diaryl carbonates may be used individually or in combination. 

[0046] The ratio in which the aromatic dihydroxy compound and the diaryl carbonate are used (i.e., the charging 
5 ratio) may vary depending on the types of the aromatic dihydroxy compound and diaryl carbonate employed, the polym- 
erization temperature and other polymerization conditions. The diaryl carbonate is generally used in an amount of from 
0.9 to 2.5 moles, preferably from 0.95 to 2.0 moles, more preferably from 0.98 to 1 .5 moles, per mole of the aromatic 
dihydroxy compound. 

[0047] The number average molecular weight of the aromatic polycarbonate obtained according to the method of 
10 the present invention is generally from 500 to 1 00,000, preferably from 2,000 to 30,000. 

[0048] As mentioned above, in the method of the present invention, as a raw material, use is made of at least one 
polymerizable material selected from the group consisting of: 

a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 
15 a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl car- 
bonate. 

[0049] Even when a monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate is simply melted 
by heating, a polymerization reaction proceeds to some extent. Therefore, a molten monomer mixture of an aromatic 
20 dihydroxy compound and a diaryl carbonate is substantially equivalent to a molten prepolymer. In this sense, the polym- 
erizable material is hereinafter, frequently referred to as "prepolymer". Further, when the prepolymer is one which is 
having its polymerization degree increased by the method of the present invention, the prepolymer is hereinafter, occa- 
sionally referred to simply as "polymer". 

[0050] The molten prepolymer used in the method of the present invention as a polymerizable material may be one 

25 obtained by any conventional polymerization method. 

[0051 ] The polymerizer apparatus used in the method of the present invention is adapted to be used for performing 
a guide-wetting fall polymerization reaction in which the polymerizable material is allowed to fall along and in contact 
with a perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thickness- 
wise direction of the wall-surface guide, to thereby form openings in both surfaces of the wall-surface guide. It is pre- 

30 ferred that the wall-surface of the wall-surface guide is at least one surface selected from the group consisting of a flat 
surface and a curved surface. 

[0052] It is preferred that the wall-surface guide used in the method of the present invention has a configuration 
wherein, when a cross-section of the guide is taken along a plane which extends perpendicularly to the longitudinal axis 
of the guide and extends horizontally to the wall surface of the guide, the length of the periphery of the cross-section is 

35 generally 5 times or greater, more advantageously 10 times or greater, still more advantageously 15 times or greater 
the thicknesswise length of the cross-section. The above-mentioned lengths of the cross-section of the wall-surface 
guide are those as measured on the assumption that the wall-surface guide has no hole or projection. 
[0053] There is no particular limitation with respect to the morphology of the wall-surface guide. For example, the 
morphology of the wall-surface guide is selected from a plate, a cylinder, a plate having an irregularly curved surface, 

40 or the like. 

[0054] There is no particular limitation with respect to the morphology of the wall-surface of the wall-surface guide. 
For example, the wall-surface may be flat or curved, and may-have projections or the like. 

[0055] There is no particular limitation with respect to the morphology of each of the openings in both surfaces of 
the wall-surface guide. For example, the morphology of each of the openings is selected from a rectangle, a square, a 
45 trapezoid, a rhombus, a circle, an ellipse, a star and an irregular morphology. Further, these morphologies of the open- 
ings can be used individually or in combination. 

[0056] Examples of forms of the wall-surface guide used in the method of the present invention include a net type 
form (shown in Fig. 1 ) and a punched-plate type form (shown in Fig. 2). The wall-surface guides of Figs. 1 and 2 respec- 
tively have openings 3a and 3b and also respectively have free face portions 2a and 2b. In the wall-surface guides of 
so Figs. 1 and 2, the polymerization of the molten prepolymer proceeds while the molten prepolymer falls along and in con- 
tact with free face portions 2a and 2b respectively of the wall-surface guides of Figs. 1 and 2. 

[0057] There is no particular limitation with respect to the size of the wall-surface guide. The total area of both sur- 
faces of the wall-surface guide is generally from 0.1 to 1 00 m 2 , preferably 0.4 to 20 m 2 . 

[0058] There is no particular limitation with respect to the thickness of the wall-surface guide. The thickness of the 
55 wall-surface guide is generally from 0.5 to 200 mm, preferably 1 to 50 mm. When the thickness of the wall-surface guide 
is relatively large, for preventing a stagnation of the molten prepolymer in the through-holes of the wall-surface guide, it 
is preferred that the through-holes are inclined. 

[0059] In the method of the present invention, it is preferred that the wall-surface guide satisfies the following for- 
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mula (1): 

(1) 

5 wherein: 

S 0 represents the total area of both surfaces of the wall-surface guide, as measured without perforation; and 
S-| represents the total area of the openings in both surfaces of the wall-surface guide. 

w [0060] The above-mentioned ratio S-j/Sq is more preferably from 0.15 to 0.99, still more preferably from 0.35 to 
0.97, still more preferably from 0.5 to 0.95. When the ratio S^Sq is lower than 0.15, the polymerization rate tends to 
become low. The reason for this lowering of the polymerization rate has not yet been fully elucidated, but is presumed 
as follows. A molten prepolymer falling along and in contact with the wall-surface guide is in a film form on each surface 
of the guide. At each opening in both surfaces of the wall-surface guide, this film of molten prepolymer are in no contact 

15 with the wall-surface guide and, hence, both surfaces of this film of molten prepolymer serve to evaporate an aromatic 
monohydroxy compound from the molten prepolymer. That is, the larger the total area of the openings in both surfaces 
of the wall-surface guide, the larger the evaporation efficiency of the aromatic monohydroxy compound becomes. 
Therefore, the higher the ratio S^/S 0 , the higher the polymerization rate becomes. 

[0061] In the present invention, the total area (S 0 ) of both surfaces of the wall-surface guide and the total area (S^ 

20 of the openings in both surfaces of the wall-surface guide can be obtained by a projection method, as follows. That is, 
the wall-surface guide are irradiated with parallel rays (laser light) which are emitted in a direction parallel to the thick- 
nesswise direction of the guide, and the resultant shadow image of the guide is projected onto a projection screen. The 
total area (S 0 ) of both surfaces of the wall-surface guide and the total area (S-|) of the openings in both surfaces of the 
wall-surface guide are determined from the projected shadow image. 

25 [0062] In the method of the present invention, it is preferred that each of the openings in both surfaces of the wall- 
surface guide independently has an area in the range of from 0.01 to 300 cm 2 , more advantageously from 0.05 to 150 
cm 2 , still more advantageously from 0.1 to 1 00 cm 2 . The area of each of the openings in both surfaces of the wall-sur- 
face guide can be determined from a projected shadow image thereof which is obtained by the projection method as 
described above in connection with the determination of the total area (S 0 ) of both surfaces of the wall-surface guide 

30 and the total area (S-|) of the openings in both surfaces of the wall-surface guide. 

[0063] When each of the openings in both surfaces of the wall-surface guide has an area of less than 0.01 cm 2 , a 
problem arises in that the molecular weight of the obtained aromatic polycarbonate varies during the polymerization. 
That is, the molecular weight of the aromatic polycarbonate withdrawn from the outlet of the polymerizer varies in short 
time spans, for example, in spans of from 1 minute to several tens of minutes, so that an aromatic polycarbonate having 

35 a desired constant molecular weight cannot be obtained. The reason for the occurrence of the above-mentioned varia- 
tion of the molecular weight of the aromatic polycarbonate during the polymerization has not yet been fully elucidated, 
but is presumed as follows. It is believed that the openings in both surfaces of the wall-surface guide have an effect of 
stabilizing the flow of the molten prepolymer and for uniformly dispersing the molten prepolymer over the entire surface 
of the guide. Therefore, when the area of each of the openings in both surfaces of the wall-surface guide is too small, it 

40 is likely that the flow of the molten prepolymer not only become unstable, but also do not evenly cover the entire surface 
of the guide, thus causing an instability in the time (residence time) for which the molten prepolymer is present on the 
wall-surface guide. In other words, the residence time of the molten prepolymer on the wall-surface guide is likely to 
have a broad distribution during the polymerization, and this broad distribution of the residence time results in a varia- 
tion of the molecular weight of the aromatic polycarbonate during the polymerization. 

45 [0064] On the other hand, when each of the openings in both surfaces of the wall-surface guide has an area of more 
than 300 cm 2 , not only does the polymerization rate become low, but also the molecular weight of the obtained aromatic 
polycarbonate varies during the polymerization. The reason for the occurrence of these problems is presumed as fol- 
lows. When the area of each of the openings in both surfaces of the wall-surface guide is too large, it becomes difficult 
for the molten prepolymer to form and maintain a film over the openings of the guide, so that the molten prepolymer 

so tends to flow down while keeping away from the openings, that is, tends to flow down while making a short pass on the 
wall-surface guide. 

[0065] The polymerizer apparatus used in the method of the present invention has, provided therein, one or more 
perforated wall-surface guides. There is no particular limitation with respect to the manner of securing the wall-surface 
guide in the polymerizer apparatus. It is preferred that the wall-surface guide is secured in the polymerizer apparatus in 
55 a manner wherein the molten prepolymer can make a vertical fall while falling along and in contact with the perforated 
wall-surface guide. Preferred examples of manners of securing the perforated wall-surface guide in the polymerizer 
apparatus include a manner in which the wall-surface guide is directly or indirectly secured to distributing plate 7 of the 
polymerizer apparatus as shown in Figs. 3(a) and 3(b), a manner in which the wall-surface guide is secured to a rod 
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projecting from the inside wall of the polymerizer apparatus, and a manner in which the wall-surface guide is secured 
to a wire suspended from the ceiling wall of the polymerizer apparatus. There is no particular limitation with respect to 
the method for securing the wall-surface guide in the polymerizer apparatus, and any of conventional methods for 
securing a guide, such as welding, adhesion, bolting and the like, can be employed. 

5 [0066] When a plurality of wall-surface guides are used, the distance between adjacent guides, in terms of the dis- 
tance between the most closely located portions thereof, is generally in the range of from 0.5 to 30 cm, preferably from 
2 to 20 cm, more preferably from 4 to 1 0 cm. Further, it is preferred that the plurality of wall-surface guides are secured 
to each other by means of, for example, wires, plates and the like so as to combine the plurality of wall-surface guides 
into a substantially unified assembly. 

10 [0067] There is no particular limitation with respect to the method for allowing the molten prepolymer to fall along 
and in contact with the wall-surface guide. Usually, the molten prepolymer is transferred to the wall-surface guide 
through a distributing plate having one or more holes, wherein the distributing plate is provided above the upper end of 
the wall-surface guide. There is no particular limitation with respect to the morphology of the one or more holes of the 
distributing plate. 

15 [0068] It is also preferred that the wall-surface guide is provided in the polymerizer apparatus so as to be in a posi- 
tion wherein the guide extends through a hole of the distributing plate. 

[0069] The distributing plate can be selected from various types of plates, such as a flat plate, a corrugated plate, 
and a plate in which the thickness thereof increases from the periphery toward the central portion. The morphology of 
the distributing plate is generally selected from a circle, an ellipse, a triangle, a polygon and the like. 

20 [0070] The morphology of the holes of the distributing plate is generally selected from a circle, an ellipse, a triangle, 
a slit, a polygon, a star and the like. The cross-sectional area of each hole of the distributing plate is generally in the 
range of from 0.01 to 100 cm 2 , preferably from 0.05 to 10 cm 2 , especially preferably from 0.1 to 5 cm 2 . When the dis- 
tributing plate has a plurality of holes, the distance between adjacent holes, in terms of the distance between the cent- 
ers of the holes, is usually in the range of from 1 to 500 mm, preferably from 25 to 1 00 mm. The hole in the distributing 

25 plate may be a hole which is made simply by piercing the distributing plate, or may be a hole which is provided by pierc- 
ing the distributing plate to make a hole and then attaching a pipe to the distributing plate so as to extend downwardly 
from the hole. Further, the hole of the distributing plate may have a tapered structure in which the diameter of the hole 
decreases from one opening of the hole to the other opening of the hole. 

[0071] The term "guide" used in the present invention means a body which has a very large value with respect to 
30 the ratio of the length of the body to the average perimeter of a cross-section of the body which cross-section is taken 
in the direction perpendicular to the lengthwise direction of the body. The above ratio is generally from 10 to 1,000,000, 
preferably from 50 to 1 00,000. With respect to the morphology of the cross-section of the guide (which cross-section is 
taken in the direction perpendicular to the lengthwise direction thereof), there is no particular limitation. Generally, the 
morphology of the cross-section of the guide is selected from a circle, an ellipse, a triangle, a quadrangle, a polygon, a 
35 star and the like. The morphology of the cross-section of the guide may be uniform or varying along the length of the 
guide. The guide may be hollow. 

[0072] Examples of methods for passing the molten prepolymerthrough the above-mentioned distributing plate and 
allowing the molten prepolymer to fall along and in contact with the wall-surface guide include a method in which the 
molten prepolymer is allowed to fall by the head, i.e., its own weight, and a method in which the molten prepolymer is 

40 forced to fall through the distributing plate by means of a pump or the like. 

[0073] With respect to the number of the holes of the distributing plate, there is no particular limitation and it varies, 
depending on various factors, such as the polymerization conditions (such as temperature, pressure and the like), the 
amount of the catalyst, the molecular weight of the polycarbonate to be produced, and the like. For example, when it is 
intended to produce an aromatic polycarbonate at a production rate of 100 kg/per hour, the distributing plate should 

45 generally have 1 0 to 1 0 5 holes. 

[0074] It is preferred that the distance for which the molten prepolymer, which is passed through the hole of the dis- 
tributing plate, is allowed to fall along and in contact with the wall-surface guide is from 0.3 to 50 m, more advanta- 
geously from 0.5 to 30 m. 

[0075] The flow rate of the molten prepolymer passing through the hole of the distributing plate varies, depending 
so on the molecular weight of the molten prepolymer to be produced, but it is usually in the range of from 10" 4 to 10 4 lit- 
ers/hr/hole, preferably from 1 0" 2 to 1 0 2 liters/hr/hole, especially preferably from 0.05 to 50 liters/hr/hole. There is no par- 
ticular limitation with respect to the time for which the molten prepolymer falls along and in contact with the wall-surface 
guide, but it is generally in the range of from 0.01 second to 10 hours. 

[0076] The polymer obtained by the guide-wetting fall polymerization reaction of the molten prepolymer may be 
55 simply allowed to fall into a polymer reservoir at the bottom of the polymerizer apparatus, or may be forcibly taken into 
the polymer reservoir by means of a reeling machine or the like. 

[0077] The polymer obtained at the bottom of the polymerizer apparatus may be withdrawn from the polymerizer 
apparatus, but it is preferred that the polymer is recirculated through a recirculation line to the inlet of the polymerizer 
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apparatus and again subjected to the guide-wetting fall polymerization reaction. When the obtained polymer is recircu- 
lated, the holding time of the polymer both in the polymer reservoir at the bottom of the polymerizer apparatus and in 
the recirculation line may be appropriately prolonged in accordance with the polymerization reaction time. Further, if 
desired, the recirculation of the polymer may be started before all of the molten prepolymer has been subjected to the 

5 guide-wetting fall polymerization reaction, thereby simultaneously performing the guide-wetting fall polymerization reac- 
tion and the recirculation of the polymer. By this embodiment, the surface renewal of the polymer per unit time becomes 
large, so that it becomes more easy to advance the polymerization and achieve a desired molecular weight. 
[0078] In the production of an aromatic polycarbonate by the method of the present invention, a single polymerizer 
which satisfies the requirements of the present invention may be used, or a plurality of such polymerizers may be used. 

w Further, a polymerizer which satisfies the requirements of the present invention may be used in combination with other 
polymerizers for producing an aromatic polycarbonate. In one preferred mode of the method of the present invention, a 
molten prepolymer is produced by reacting an aromatic di hydroxy compound with a diaryl carbonate using, for example, 
a vertical agitation type polymerizer, and then the obtained molten prepolymer is polymerized using a polymerizer 
which satisfies the requirements of the present invention. 

15 [0079] In the method of the present invention for producing an aromatic polycarbonate by reacting an aromatic dihy- 
droxy compound with a diaryl carbonate, the polymerization reaction temperature is generally in the range of from 50 
to 350 °C, preferably from 1 00 to 290 °C. 

[0080] As the reaction proceeds, an aromatic monohydroxy compound is by-produced. By removing the aromatic 
monohydroxy compound from the reaction system, the reaction rate can be increased. Therefore, in the method of the 

20 present invention, it is preferred to employ a method in which an inert gas which does not adversely affect the reaction, 
such as nitrogen, argon, helium, carbon dioxide and a lower hydrocarbon gas, is introduced so that the aromatic mono- 
hydroxy compound by-produced is entrained by the inert gas, and the inert gas entraining the aromatic monohydroxy 
compound is withdrawn to remove the aromatic monohydroxy compound, or a method in which the reaction is carried 
out under reduced pressure. The above two methods can be used individually or in combination. 

25 [0081] A preferred reaction pressure may vary depending on the type of the aromatic polycarbonate to be pro- 
duced, the molecular weight of the molten monomer mixture or molten prepolymer, and the polymerization temperature. 
For example, in the case of a reaction in which an aromatic polycarbonate is produced from bisphenol A and diphenyl 
carbonate, when the number average molecular weight of the molten monomer mixture or molten prepolymer is less 
than 1,000, the reaction pressure is preferably from 6,660 Pa (50 mmHg) to atmospheric pressure. When the number 

30 average molecular weight is from 1,000 to 2,000, the reaction pressure is preferably from 400 to 6,660 Pa (3 to 50 
mmHg). When the number average molecular weight is greater than 2,000, the reaction pressure is preferably 2,670 Pa 
(20 mmHg) or less, more preferably 1 ,330 Pa (1 0 mmHg) or less, still more preferably 267 Pa (2 mmHg) or less. 
[0082] It is particularly preferred that the polymerization is carried out under reduced pressure while introducing an 
inert gas as mentioned above. 

35 [0083] It is also preferred that, as the molten prepolymer, use is made of a molten prepolymer which has been sub- 
jected to a pretreatment wherein the molten prepolymer is caused to absorb an inert gas. 

[0084] The polymerization by the transesterification process may be carried out in the absence of a catalyst. How- 
ever, when it is desired to accelerate the polymerization rate, the polymerization can be effected in the presence of a 
catalyst. The polymerization catalysts which are customarily used in the art can be used without particular limitations. 

40 Examples of such catalysts include hydroxides of an alkali metal and of an alkaline earth metal, such as lithium hydrox- 
ide, sodium hydroxide, potassium hydroxide and calcium hydroxide; alkali metal salts, alkaline earth metal salts and 
quaternary ammonium salts of boron hydride and of aluminum hydride, such as lithium aluminum hydride, sodium 
boron hydride andtetramethylammonium boron hydride; hydrides of an alkali metal and of an alkaline earth metal, such 
as lithium hydride, sodium hydride and calcium hydride; alkoxides of an alkali metal and of an alkaline earth metal, such 

45 as lithium methoxide, sodium ethoxide and calcium methoxide; aryloxides of an alkali metal and of an alkaline earth 
metal, such as lithium phenoxide, sodium phenoxide, magnesium phenoxide, LiO-Ar-OLi wherein Ar represents an aryl 
group, and NaO-Ar-ONa wherein Ar is as defined above; organic acid salts of an alkali metal and of an alkaline earth 
metal; such as lithium acetate, calcium acetate and sodium benzoate; zinc compounds, such as zinc oxide, zinc acetate 
and zinc phenoxide; boron compounds, such as boron oxide, boric acid, sodium borate, trimethyl borate, tributyl borate, 

so triphenyl borate, ammonium borates represented by the formula: (R 1 R 2 R 3 R 4 )NB(R 1 R 2 R 3 R 4 ), and phosphonium 
borates represented by the formula: (R 1 R 2 R 3 R 4 )PB(R 1 R 2 R 3 R 4 ), wherein R 1 , R 2 R 3 and R 4 are as defined above; 
silicon compounds, such as silicon oxide, sodium silicate, tetraalkylsilicon, tetraarylsilicon and diphenyl-ethyl-ethoxysil- 
icon; germanium compounds, such as germanium oxide, germanium tetrachloride, germanium ethoxide and germa- 
nium phenoxide; tin compounds, such as tin oxide, dialkyltin oxide, dialkyltin carboxylate, tin acetate, tin compounds 

55 having an alkoxy group or aryloxy group bonded to tin, such as ethyltin tributoxide, and organotin compounds; lead 
compounds, such as lead oxide, lead acetate, lead carbonate, basic lead carbonate, and alkoxides and aryloxides of 
lead or organolead; onium compounds, such as a quaternary ammonium salt, a quaternary phosphonium salt and a 
quaternary arsonium salt; antimony compounds, such as antimony oxide and antimony acetate; manganese com- 
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pounds, such as manganese acetate, manganese carbonate and manganese borate; titanium compounds, such as 
titanium oxide and titanium alkoxides and titanium aryloxides; and zirconium compounds, such as zirconium acetate, 
zirconium oxide, zirconium alkoxides, zirconium aryloxides and zirconium acetylacetone. 

[0085] The catalysts can be used individually or in combination. The amount of the catalysts used is generally in 
5 the range of from 1 0" 8 to 1 % by weight, preferably from 1 0" 7 to 1 0" 1 % by weight, based on the weight of the aromatic 
dihydroxy compound. 

[0086] With respect to materials for the wall-surface guide and polymerizers to be used in the method of the present 
invention, there is no particular limitation. However, generally, these materials are selected from metals, resins, ceram- 
ics and the like. Specific examples of metals and ceramics include stainless steel, nickel and glass. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0087] The present invention will be further described in more detail with reference to the following Examples and 
Comparative Examples, which should not be construed as limiting the scope of the present invention. 
15 [0088] In the following Examples and Comparative Examples, various properties were measured and evaluated as 
follows. 

(1) Measurement of the number average molecular weight (Mn) of an aromatic polycarbonate: 

20 [0089] The number average molecular weight of an aromatic polycarbonate was measured by gel permeation chro- 
matography (GPC) (column: TSK-GEL, manufactured and sold by Tosoh Corp., Japan; solvent: tetrahydrofuran), by the 
following method. As a sample, a solution of the aromatic polycarbonate in tetrahydrofuran obtained by dissolving 0.8 
g of the aromatic polycarbonate in 1 00 ml of tetrahydrofuran is used. As a calibration curve, a modified calibration curve 
for a polycarbonate is used, which is obtained by modifying a calibration curve obtained with respect to standard mon- 

25 odisperse polystyrene samples, wherein the modification of the calibration curve is made by a calculation using the fol- 
lowing formula: 

M pc = 0.3591 Mps 1.0388 

30 wherein Mpc represents the molecular weight of the polycarbonate, and M ps represents the molecular weight of the 

standard polystyrene. 

(2) Evaluation of the color of an aromatic polycarbonate: 

35 [0090] The color of an aromatic polycarbonate was evaluated, using a test specimen having a width of 50 mm, a 
length of 50 mm and a thickness of 3.2 mm, in accordance with the CIELAB method (Commission Internationale de 
I'Eclairage 1976 L*a*b* Diagram), wherein the test specimen was obtained by a method in which an aromatic polycar- 
bonate is subjected to continuous molding, using an injection molding machine (J1 00E, manufactured and sold by THE 
JAPAN STEEL WORKS. LTD., Japan), at a cylinder temperature of 290 °C and a mold temperature of 90 °C. The yel- 

40 lowness of the specimen was expressed in terms of the b*-value. 

(3) Measurement of the amount of foreign matter contained in an aromatic polycarbonate: 

[0091 ] The content of the foreign matter (having a particle diameter of from 0.5 to 20 jam) contained in the produced 
45 aromatic polycarbonate was measured by means of a counter for particles in a liquid (HIAC/ROYCO MODEL 346B 
manufactured and sold by Pacific Scientific Ltd., England). The measurement was conducted with respect to a solution 
of the aromatic polycarbonate in methylene chloride. 

Example 1 

50 

[0092] A polymerization reaction was carried out using a cylindrical polymerizer 5 as shown in Fig. 3(a). Polymer- 
izer 5 has an inner diameter of 0.3 m, and is equipped with two perforated wall-surface guides 1 , 1 and distributing plate 
7, wherein the top end of each guide 1 is directly fixed to distributing plate 7. Each guide 1 is comprised of a network 
structure which has a width of 1 0.3 cm, a height of 8 m and a line pitch of 2.5 cm and which is made of a wire having a 
55 diameter of 3 mm. The interval between two guides 1,1 is 80 mm. The area of each of the openings of guide 1 is 4.84 
cm 2 , and S-|/S 0 ratio (i.e., the ratio of the total area S 1 of the openings in both surfaces of guide 1 to the total area S 0 of 
both surfaces of guide 1) is 0.75. 

[0093] Distributing plate 7 has ten holes 8 each having a diameter of 3 mm (see Fig. 3(b)). As seen from Fig. 3(b), 
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through distributing plate 7, a molten prepolymer fed to polymerizer 5 can be distributed to perforated wall-surface 
guides 1 , 1 so that the distributed prepolymer can be caused to uniformly fall along and in contact with the surfaces of 
both opposite sides of each of perforated wall-surface guides 1,1. Further, polymerizer 5 has an external jacket (not 
shown), and the inside of polymerizer 5 is heated by passing a heating medium through the jacket. 

5 [0094] A mixture of bisphenol A, diphenyl carbonate (the molar ratio of diphenyl carbonate to bisphenol A: 1.06) 
and sodium hydroxide (3 x 1 0" 6 mole per kg of bisphenol A) was charged into a vertical agitation type polymerizer ves- 
sel, and melted in an atmosphere of nitrogen at 180 °C, thereby obtaining a molten mixture. The obtained molten mix- 
ture was subjected to polymerization reaction while stirring for 1 hour under conditions wherein the temperature was 
230 °C and the pressure was 9,300 Pa, and the resultant reaction mixture was then further subjected to reaction while 

10 stirring for 2 hours under conditions wherein the temperature was 270 °C and the pressure was 1,000 Pa. Subse- 
quently, the pressure was raised to atmospheric pressure by introducing nitrogen gas into the polymerizer vessel, and 
the reaction mixture was further stirred for 1 hour to thereby obtain a molten prepolymer having a number average 
molecular weight (hereinbelow, frequently referred to as "Mn") of 4,000. 

[0095] The obtained molten prepolymer was continuously fed to polymerizer 5 through inlet 6 at a flow rate of 20 
15 kg/hr and allowed to fall along and in contact with perforated wall-surface guides 1 , 1 , so that a polymerization reaction 
of the molten prepolymer was carried out under polymerization reaction conditions wherein the reaction temperature 
was 270 °C and the reaction pressure was 1 00 Pa, while continuously withdrawing a produced aromatic polycarbonate 
from outlet 1 1 by means of discharge pump 1 0. 

[0096] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
20 withdrawn from polymerizer 5, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate were 
taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 1 1 ,500, the 
minimum Mn was 11,400, the maximum Mn was 11,700 and the difference between the maximum and minimum Mn 
values was 300. 

[0097] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
25 and transparent (b*-value: 3.4), and the content of the foreign matter (having a diameter of from 0.5 to 20 jum) in the 
aromatic polycarbonate was as low as 970 pieces/g. 

Examples 2 to 1 0 

30 [0098] An aromatic polycarbonate was produced in substantially the same manner as in Example 1 , except that the 
following factors were varied: the width, height and line pitch of perforated wall-surface guide 1 , the diameter of the wire 
of which the guide is made, and the reaction temperature and pressure. The polymerization conditions and the results 
are shown in Table 1 . 

35 Comparative Example 1 

[0099] An aromatic polycarbonate was produced in substantially the same manner as in Example 1, except that, 
instead of the two wall-surface guides used in Example 1 , use was made of two wall-surface guides each of which is a 
flat plate of SUS31 6 having a width of 1 0.3 cm, a height of 8 m and a thickness of 3 mm. 
40 [0100] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 9,570, 
the minimum Mn was 9,100, the maximum Mn was 10,000 and the difference between the maximum and minimum Mn 
values was 900. 

45 [0101] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
and transparent (b*-value: 3.4), and the content of the foreign matter (having a diameter of from 0.5 to 20 urn) in the 
aromatic polycarbonate was as low as 980 pieces/g. 

Comparative Example 2 

50 

[0102] An aromatic polycarbonate was produced in substantially the same manner as in Example 1, except that, 
instead of the two wall-surface guides used in Example 1 , use was made of 10 wire guides of SUS316 each of which 
has a diameter of 3 mm and a length of 8 m, wherein the 10 wire guides are hung vertically from the 10 holes of the 
distributing plate so that the top end of each guide is positioned just under the center of a hole of the distributing plate. 
55 [0103] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 9.480, 
the minimum Mn was 9,000, the maximum Mn was 10,000 and the difference between the maximum and minimum Mn 
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values was 1,000. 

[0104] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
and transparent (b*-value: 3.4), and the content of the foreign matter (having a diameter of from 0.5 to 20 u.m) in the 
aromatic polycarbonate was as low as 970 pieces/g. 

5 

Comparative Example 3 

[0105] An aromatic polycarbonate was produced in substantially the same manner as in Example 1, except that, 
instead of polymerizer 5, a horizontal agitation type polymerizer vessel was used. More specifically, a polymerization 

10 reaction was conducted by a method in which a molten prepolymer prepared in substantially the same manner as in 
Example 1 is continuously fed to a horizontal agitation type polymerizer vessel (length: 6 m) which is equipped with two 
agitators (rotation diameter of each agitator: 0.25 m). The polymerization reaction was conducted under conditions 
wherein the flow rate of the prepolymer, the reaction temperature and the reaction pressure were the same as in Exam- 
ple 1 , and the revolution rate of each agitator was 1 0 rpm. 

15 [0106] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 7,490, 
the minimum Mn was 7.200, the maximum Mn was 7,700 and the difference between the maximum and minimum Mn 
values was 500. 

20 [0107] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction suffered from 
discoloration (b*-value: 3.8), and the content of the foreign matter (having a diameter of from 0.5 to 20 jum) in the aro- 
matic polycarbonate was 4,800 pieces/g. 

Example 11 

25 

[0108] An aromatic polycarbonate was produced in substantially the same manner as in Example 1, except that, 
instead of the two wall-surface guides used in Example 1 , use was made of two punched-plate type wall-surface guides 
as shown in Fig. 2. 

[0109] Each of the guides has 228 circular through-holes each having a diameter of 3 cm, wherein the through- 
30 holes of the guides are arranged in a zigzag configuration in which the pitch (i.e., the interval between the centers of 
the adjacent through-holes) is 6 cm. The area of each of the openings in both surfaces of each guide is 7.07 cm 2 , and 
S-|/S 0 ratio (i.e., the ratio of the total area S-| of the openings in both surfaces of each guide to the total area S 0 of both 
surfaces of each guide) is 0.17. 

[0110] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
35 withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 
1 1 ,370, the minimum Mn was 1 1 ,200, the maximum Mn was 1 1 ,550 and the difference between the maximum and min- 
imum Mn values was 350. 

[0111] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
40 and transparent (b*-value: 3.4), and the content of the foreign matter (having a diameter of from 0.5 to 20 jum) in the 
aromatic polycarbonate was as low as 990 pieces/g. 

Examples 12 to 15 

45 [0112] An aromatic polycarbonate was produced in substantially the same manner as in Example 1 1 , except that 
the following factors were varied: the diameter of the openings in both surfaces of each guide, and the pitch and number 
of the through-holes of each guide. The polymerization conditions and the results are shown in Table 2. 

Example 16 

50 

[0113] A mixture of bisphenol A, diphenyl carbonate (the molar ratio of diphenyl carbonate to bisphenol A: 1.06) 
and sodium hydroxide (3 x 10" 6 mole per kg of bisphenol A) was charged into a vertical agitation type polymerizer ves- 
sel, and melted in an atmosphere of nitrogen at 180 °C, thereby obtaining a molten mixture. The obtained molten mix- 
ture was subjected to polymerization reaction while stirring for 1 hour under conditions wherein the temperature was 
55 230 °C and the pressure was 9,300 Pa, and the resultant reaction mixture was then further subjected to reaction while 
stirring for 2 hours under conditions wherein the temperature was 270 °C and the pressure was 3,300 Pa. Subse- 
quently, the pressure was raised to atmospheric pressure by introducing nitrogen gas into the polymerizer vessel, and 
the reaction mixture was further stirred for 1 hour to thereby obtain a molten prepolymer having an Mn of 2,500. 
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[0114] Using the obtained molten prepolymer, an aromatic polycarbonate was produced in substantially the same 
manner as in Example 1 , except that the reaction pressure was 150 Pa. 

[0115] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
5 were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 9,320, 
the minimum Mn was 9,250, the maximum Mn was 9,400 and the difference between the maximum and minimum Mn 
values was 150. 

[0116] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
and transparent (b*-value: 3.4), and the content of the foreign matter (having a diameter of from 0.5 to 20 jum) in the 
10 aromatic polycarbonate was as low as 960 pieces/g. 

Example 17 

[0117] An aromatic polycarbonate was produced in substantially the same manner as in Example 1, except that, 
15 instead of the molten prepolymer used in Example 1, use was made of a molten prepolymer having an Mn of 4,000 
which was prepared in substantially the same manner as in Example 1, except that 1 ,1 -bis(4-hydroxyphenyl)-3,3,5-tri- 
methylcyclohexane was used in place of bisphenol A. 

[0118] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
20 were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 
1 1 ,1 20, the minimum Mn was 1 0,900, the maximum Mn was 1 1 ,300 and the difference between the maximum and min- 
imum Mn values was 400. 

[0119] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
and transparent (b*-value: 3.5), and the content of the foreign matter (having a diameter of from 0.5 to 20 urn) in the 
25 aromatic polycarbonate was as low as 1 ,050 pieces/g. 

Example 18 

[0120] An aromatic polycarbonate was produced in substantially the same manner as in Example 1 , except that, 
30 instead of the molten prepolymer used in Example 1, use was made of a molten prepolymer having an Mn of 4,000 
which was prepared in substantially the same manner as in Example 1 , except that 1 ,1 -bis(3,5-dimethyl-4-hydroxyphe- 
nyl)sulfone was used in place of bisphenol A. 

[0121] 50 hours after the start of the polymerization reaction, with respect to the produced aromatic polycarbonate 
withdrawn from the polymerizer, a sampling thereof was started wherein 1 0 samples of the produced polycarbonate 
35 were taken at intervals of 5 minutes and subjected to measurement of Mn. It was found that the average Mn was 
1 1 ,030, the minimum Mn was 1 0,800, the maximum Mn was 1 1 ,200 and the difference between the maximum and min- 
imum Mn values was 400. 

[0122] The aromatic polycarbonate obtained 50 hours after the start of the polymerization reaction was colorless 
and transparent (b*-value: 3.5), and the content of the foreign matter (having a diameter of from 0.5 to 20 jum) in the 
40 aromatic polycarbonate was as low as 1 ,250 pieces/g. 
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INDUSTRIAL APPLICABILITY 



[0123] The method of the present invention for producing an aromatic polycarbonate is free from the problems 
accompanying the conventional methods, such as the problem that: phenol cannot be removed efficiently; a very large 
motive power for agitation is needed; the molecular chain of a polymer being formed is broken by a large shearing force 
due to the very large motive power for agitation, resulting not only in a lowering of the increasing rate of the molecular 
weight but also in a discoloration of the polymer; the polymer is likely to suffer thermal decomposition due to a long-term 
thermal history, thereby inevitably causing the polymer being produced to contain thermal decomposition products; and 
the volumetric efficiency of a polymerizer is extremely low. 

[0124] By the method of the present invention, an aromatic polycarbonate having a desired constant molecular 
weight can be stably produced at a high polymerization rate, without discoloration with respect to the polymer or gen- 
eration of foreign matter. Therefore, the method of the present invention is advantageous from a commercial viewpoint. 



Claims 



1. A method for producing an aromatic polycarbonate, which comprises: 



feeding, into a polymerizer apparatus, at least one polymerizable material selected from the group consisting 
of: 

a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 

a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl 

carbonate, 

said polymerizer apparatus comprising an inlet for said polymerizable material, a polymerizable material feed- 
ing zone communicating with said inlet, and a guide-wetting fall polymerization reaction zone which is posi- 
tioned below and communicates with said polymerizable material feeding zone, wherein said guide-wetting fall 
polymerization reaction zone has at least one guide securely held therein and extending downwardly there- 
through, and 

allowing said polymerizable material to fall along and in contact with said at least one guide through said guide- 
wetting fall polymerization reaction zone, to effect a guide-wetting fall polymerization of said polymerizable 
material, thereby obtaining a polymer at a bottom of said guide-wetting fall polymerization reaction zone, 

wherein said guide is a perforated wall-surface guide, 
said perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thick- 
nesswise direction of said wall-surface guide, to thereby form openings in both surfaces of said wall-surface 
guide. 

2. The method according to claim 1 , wherein said wall-surface guide satisfies the following formula (1 ): 



S^Sq^O.15 (1) 

wherein: 



5 0 represents the total area of both surfaces of said wall-surface guide, as measured without perforation; and 

5 1 represents the total area of the openings in both surfaces of said wall-surface guide. 

3. The method according to claim 1 or 2, wherein each of said openings in both surfaces of said wall-surface guide 
independently has an area in the range of from 0.01 to 300 cm 2 . 

4. The method according to any one of claims 1 to 3, wherein the wall-surface of said wall-surface guide is at least 
one surface selected from the group consisting of a flat surface and a curved surface. 

5. A polymerizer apparatus for producing an aromatic polycarbonate, which comprises a casing and, provided therein, 
an inlet for a polymerizable material, a polymerizable material feeding zone communicating with said inlet, and a 
guide-wetting fall polymerization reaction zone which is positioned below and communicates with said polymeriza- 
ble material feeding zone, wherein said guide-wetting fall polymerization reaction zone has at least one guide 
securely held therein and extending downwardly therethrough, 

wherein said inlet is adapted to receive at least one polymerizable material selected from the group consist- 
ing of: 
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a molten monomer mixture of an aromatic dihydroxy compound and a diaryl carbonate, and 

a molten prepolymer obtained by a process comprising reacting an aromatic dihydroxy compound with a diaryl 

carbonate, 

and wherein said polymerizable material is adapted to be fed to said polymerizable material feeding zone 
5 through said inlet, and transferred to enter said guide-wetting fall polymerization reaction zone through said 

polymerizable material feeding zone and fall along and in contact with said guide, to effect a guide-wetting fall 
polymerization of said polymerizable material to obtain a polymer, 

said guide-wetting fall polymerization reaction zone having, at a bottom thereof, an outlet for said obtained pol- 
ymer, 

w wherein said guide is a perforated wall-surface guide, 

said perforated wall-surface guide having a plurality of through-holes, each extending substantially in the thick- 
nesswise direction of said wall-surface guide, to thereby form openings in both surfaces of said wall-surface 
guide. 

15 6. The polymerizer apparatus according to claim 5, wherein said polymerizable material feeding zone and said guide- 
wetting fall polymerization reaction zone are separated from each other through a polymerizable material distribut- 
ing plate having at least one hole, said feeding zone communicating with said guide-wetting fall polymerization 
reaction zone through said at least one hole, and wherein said guide is arranged in correspondence with the hole 
of said distributing plate. 

20 

7. The polymerizer apparatus according to claim 5 or 6, wherein said wall-surface guide satisfies the following formula 
(1): 

S^Sq^O.15 (1) 

25 

wherein: 

S 0 represents the total area of both surfaces of said wall-surface guide, as measured without perforation; and 
S-| represents the total area of the openings in both surfaces of said wall-surface guide. 

30 

8. The polymerizer apparatus according to any one of claims 5 to 7, wherein each of said openings in both surfaces 
of said wall-surface guide independently has an area in the range of from 0.01 to 300 cm 2 . 

9. The polymerizer apparatus according to any one of claims 5 to 8, wherein the wall-surface of said wall-surface 
35 guide is at least one surface selected from the group consisting of a flat surface and a curved surface. 
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FIG.l 
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